Introduction {#s0005}
============

Hepatitis C virus (HCV), a member of the Flaviviridae family, is one of the leading causes of chronic liver disease worldwide with an estimated number of 170 million chronically infected individuals ([@bb0185]). HCV is transmitted parenterally by contaminated blood or other body fluids through blood vessels, skin, or mucous membranes ([@bb0175]). The natural history of HCV infection varies from spontaneous recovery post-infection, to chronic asymptomatic carrier, to decompensated cirrhosis, and hepatocellular carcinoma (HCC) ([@bb0100], [@bb0140]). Chronic hepatitis C virus infection is a well-recognized risk factor for occurrence of hepatocellular carcinoma, and among patients with hepatitis C and cirrhosis ([@bb0170]), the annual incidence rate of HCC ranges between 1 and 8%, being higher in Japan (4--8%) intermediate in Italy (2--4%) and lower in USA (1.4%) [@bb0055] Liver diseases related to HCV infections have caused enormous economic and health burden ([@bb0010], [@bb0040], [@bb0095], [@bb0120]), it\'s estimated that from the year 2010 through 2019 in the United States HCV may lead to 720,700 years of decompensated cirrhosis and hepatocellular carcinoma and to the loss of 1.83 Ma of life in those younger than 65 at a societal cost of \$21.3 and \$54.2 billion ([@bb0190]).

Numerous viral and host-related factors have been shown to accelerate the progression, immunological factors, especially cytokines and some host genetic variations, rather than direct HCV action, seem to play a critical role in the pathogenesis of HCV infection ([@bb0030], [@bb0145], [@bb0195]). IL-18, first identified as an IFN-g inducing factor (IGIF) ([@bb0035]), plays a strategic role in inflammation and liver injury ([@bb0025], [@bb0050], [@bb0180]). Elevated levels of serum interleukin-18 were described previously for chronically (HCV)-infected patients ([@bb0115], [@bb0155]), resulted in large interest in the study of IL-18 genetic polymorphisms that might play a role in the pathogenesis and influence the outcomes of HCV infections.

Many SNPs in the IL-18 gene region have been researched, such as − 607C/A and − 137G/C in the IL-18 promoter regions, 148G/C and 105A/C in regulatory gene sequences, etc. The two SNPs (rs187238 and rs1946518) in the promoter region of the IL-18 gene have been repeatedly found to be associated with the IL-18 gene promoter transcription activity and may be associated with chronic hepatitis C virus infections.

Given the lack of previous meta-analyses in this area, our main purpose was to assess the association between Interleukin-18 gene − 607C/A (rs1946518) and − 137G/C (rs187238) polymorphisms and chronic hepatitis C virus infections by summarizing the results of published cohort and case-control studies.

Materials and methods {#s0010}
=====================

Publication search {#s0030}
------------------

A comprehensive literature search for studies reporting on the association of Interleukin-18 gene − 607C/A (rs1946518) and − 137G/C (rs187238) polymorphisms with chronic hepatitis C virus infections was conducted in the MEDLINE, EMBASE, Cochrane Library, CBM (Chinese Biomedical Literature), and CNKI (China National Knowledge Infrastructure) databases. The following search terms and keywords were used: ("Interleukin-18" OR "IL-18") AND (polymorphism OR variant OR variation OR mutation) AND ("hepatitis C virus" OR "HCV"). Only studies published in English or in Chinese were included.

Inclusion and exclusion criteria {#s0035}
--------------------------------

The following inclusion standards were used to select potential studies for this meta-analysis: (1) evaluated the interleukin-18 gene promoter polymorphisms with chronic hepatitis C virus infections risks; (2) all patients in the candidate studies met the diagnostic criteria for chronic HCV infections; (3) sufficient available genotype data for estimating ORs with their corresponding 95% CIs. The major reasons for the exclusion of studies are as follows: (1) not related to the interleukin-18 gene promoter polymorphisms with chronic hepatitis C virus infections risks; (2) studies only examining case populations; (3) repeated studies; (4) no usable data reported. The studies inclusion and exclusion procedures are shown in [Fig. 1](#f0005){ref-type="fig"}.

Data extraction {#s0040}
---------------

Two investigators independently extracted the data from all qualified studies using the selection standard listed above. Discrepancies were solved through discussion until agreement was reached. The following information were extracted: the first author\'s name, year of publication, the country in which the study was conducted, the source of control groups evidence of Hardy--Weinberg equilibrium (HWE) in controls, the sample size, number of cases and controls with the CC, CA, and AA genotypes (− 607C/A (rs1946518)); GG, GC, and CC genotypes (− 137G/C (rs187238)).

Statistical analysis {#s0045}
====================

Statistical analyses were performed using the STATA software for windows (version 13.0). All statistical assessments were two-sided and statistical significance was accepted at a probability value \< 0.05. For the control groups, the observed genotype frequencies of the IL-18 polymorphism were evaluated for Hardy--Weinberg equilibrium ([@bb0020]). The strength of the association between interleukin-18 gene promoter polymorphisms and chronic hepatitis C virus infections was assessed by the odds ratios (ORs) with 95% confidence intervals (CIs). The pooled ORs (− 607C/A) were calculated for the homozygote model (AA versus CC), heterozygote model (CA versus CC), dominant model (CA + AA versus CC), recessive model (AA versus AC + CC), and an additive model (A versus C). Similarly, the pooled ORs (− 137G/C) were calculated for the homozygote model (CC versus GG), heterozygote model (CG versus GG), dominant model (CG + CC versus GG), recessive model (CC versus CG + GG), and an additive model (G versus C) ([Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}).

A test for heterogeneity, a sensitivity analysis, and an assessment of publication bias were performed in our meta-analysis. Considering possible heterogeneity between studies, Cochran\'s Q statistic and the I^2^ metric were conducted ([@bb0065], [@bb0090]), P \< 0.10 and I^2^ \> 50% were considered to indicate the existence of significant heterogeneity. The pooled ORs were analyzed using the random-effects model ([@bb0045]), if the heterogeneity test result was P \> 0.1. Or else, if the heterogeneity test result was P \< 0.1, the fixed effects model was used ([@bb0110]). Sensitivity analyses were also performed and the Begg\'s funnel plot and Egger\'s test were performed to examine the publication bias ([@bb0135]).

Results {#s0015}
=======

Study characteristics {#s0050}
---------------------

A total of 4 studies with 1222 cases and 1115 controls for − 607C/A polymorphism and 3 studies with 959 cases and 987 controls for − 137G/C polymorphism were included in this meta-analysis ([@bb0015], [@bb0060], [@bb0075], [@bb0105]). The genotype distributions in the controls for all of the included studies were consistent with Hardy--Weinberg equilibrium. The characteristics of all reports on the association between interleukin-18 gene promoter polymorphisms and chronic hepatitis C virus infections risks are shown in [Table 1](#t0005){ref-type="table"}.

Results of the overall meta-analysis {#s0055}
====================================

Our main results on the association between interleukin-18 gene promoter polymorphisms and chronic hepatitis C virus infections are listed in [Table 2](#t0010){ref-type="table"}. The association between interleukin-18 − 607C/A gene promoter polymorphisms and chronic hepatitis C virus infections showed pooled ORs and 95% CI for the homozygote comparison (AA versus CC: 1.073, \[0.846, 1.360\]), heterozygote comparison (CA versus CC: 1.029, \[0.854, 1.241\]), dominant model (CA + AA versus CC: 1.039, \[0.872, 1.237\]), recessive model (AA versus AC + CC: 1.036, \[0.843, 1.274\]), and an additive model (A versus C: 1.029, \[0.915, 1.158\]). The association between interleukin-18 − 137G/C gene promoter polymorphisms and chronic hepatitis C virus infections showed pooled ORs and 95% CI for the homozygote comparison (CC versus GG: 1.257, \[0.896, 1.763\]), heterozygote comparison (CG versus GG: 1.200, \[0.995, 1.447\]), dominant model (CG + CC versus GG: 2.157, \[1.822, 2.553\]), recessive model (CC versus CG + GG 2.007, \[1.441, 2.797\]), and an additive model (G versus C: 1.152, \[1.002, 1.324\]).

Test for heterogeneity and sensitivity analysis {#s0060}
-----------------------------------------------

We assessed the source of heterogeneity by region, publication year, control source, and sample size. However, we did not observe any sources that contribute to the substantial heterogeneity ([Table 2](#t0010){ref-type="table"}). Sensitivity analyses were conducted to ascertain the primary origin of the heterogeneity. NO independent study affected the heterogeneity in 2 groups ([Fig. 6](#f0030){ref-type="fig"}, [Fig. 7](#f0035){ref-type="fig"}).

Publication bias {#s0065}
----------------

Funnel plots were used to evaluate publication bias, and Begg\'s Test was performed to statistically assess funnel plot symmetry. The results showed no significant publication bias ([Fig. 8](#f0040){ref-type="fig"}, [Fig. 9](#f0045){ref-type="fig"}), Begg\'s Test (− 607C/A): Pr \> \|z\| = 0.734 (continuity corrected); Begg\'s Test (− 137G/C): Pr \> \|z\| = 0.602 (continuity corrected).

Discussion {#s0020}
==========

Hepatitis C virus (HCV) is a major cause of hepatic disease worldwide and a potential cause of substantial morbidity and mortality in the future ([@bb0160]). There is no vaccine and no post-exposure prophylaxis for HCV, HCV infection has a chronicity rate of about 70% ([@bb0165]). Prognosis may be quite different among individuals infected with hepatitis C virus (HCV): a chronic liver disease is believed to occur in half the patients while in the other half there are no signs of histologic progression of liver damage ([@bb0130]). Patients who acquire the infection early in life have a markedly increased mortality even when cirrhosis is absent at diagnosis and disease duration is short ([@bb0125]). The immune response is critical in determining the outcome of hepatitis C virus (HCV) infection. Interleukin (IL)-18 is a pivotal mediator of the Th1/Th2-driven immune response. Two IL-18 promoter polymorphisms (− 607C/A and − 137G/C) and their haplotypes were known to affect IL-18 expression ([@bb0150], [@bb0005]).

Despite the potential implication of IL-18 promoter polymorphisms (− 607C/A and − 137G/C) in the pathogenesis of chronic hepatitis C virus infections, the association between IL-18 promoter polymorphisms (− 607C/A and − 137G/C) and chronic hepatitis C virus infections remains unclear. Thus, in this study, we conducted a comprehensive meta-analysis integrating data from previous publications to derive a more precise assessment of the relationship between the IL-18 promoter polymorphisms (− 607C/A and − 137G/C) and chronic hepatitis C virus infections. To the best of our knowledge, this study is the first meta-analysis to comprehensively assess the association of IL-18 promoter polymorphisms (− 607C/A and − 137G/C) and chronic hepatitis C virus infections.

A total of 4 studies with 1222 cases and 1115 controls for − 607C/A polymorphism and 3 studies with 959 cases and 987 controls for − 137G/C polymorphism were included in this meta-analysis. No other polymorphisms were described in those studies except for one study ([@bb0075] also described Osteopontin --- 442 Polymorphism in their study). We found a significant association between − 137G/C polymorphism and chronic hepatitis C virus infections (CG + CC versus GG: OR = 2.157, 95% CI \[1.822, 2.553\]; CC versus CG + GG: OR = 2.007, 95% CI \[1.441, 2.797\]). However, no significant association was observed between − 607C/A polymorphism and chronic hepatitis C virus infections under different contrast models (AA versus CC OR = 1.073, \[0.846,1.360\]; AC versus CC OR = 1.029, 95% CI, \[0.854,1.241\]; AA + AC versus CCOR = 1.039, 95% CI \[0.872,1.237\]; AA versus AC + CC OR = 1.036, 95% CI \[0.843,1.274\]; A versus C OR = 1.029, 95% CI \[0.915,1.158\]).

Of course, we should be aware of that the hypothesis considering no association between IL-18 − 607C/A polymorphism and chronic hepatitis C virus infections merely on the basis of the negative results in this study, because the number of studies and sample size are relatively small. If a putative genetic association is of small magnitude with point estimates less than 1.5, the small and underpowered studies may be unable to identify true genetic associations ([@bb0070], [@bb0085], [@bb0080]). Although meta-analysis can increase the statistical power by combining all the eligible studies, it is limited in its effect estimation owing to small number of studies included. Thus, more evidence is needed to support or deny such an association between the IL-18 − 607C/A polymorphism and chronic hepatitis C virus infections.

By means of meta-analysis, a statistical technique for combining the results from independent studies, we drew a more reliable conclusion on the association between interleukin-18 gene promoter polymorphisms and chronic hepatitis C virus infections. However, chronic hepatitis C virus infections might be a result of the comprehensive interaction among numerous viral and host-related factors, immunological factors, cytokines and some host genetic variations.

Limitations {#s0070}
-----------

Meta-analysis is regarded as a useful method in synthesizing data from all the eligible studies to obtain greater statistical power. However, a few potential limitations of our meta-analysis we should pay attention: (1) Selection bias may have occurred because only studies in English or Chinese were included in this meta-analysis. (2) We did not perform subgroup analysis stratified by ethnicity. (3) The number of studies and sample size are relatively small. Despite the limitations listed above, our meta-analysis has some clear advantages: (1) this is the first meta-analysis that analyzed the association between IL-18 promoter polymorphisms (− 607C/A and − 137G/C) and chronic hepatitis C virus infections (2) sensitivity analysis did not show any single study strongly affecting the overall results, suggesting sufficient reliability and stability of the pooled results; (3) The strict search method, normative inclusion and exclusion Criteria significantly increased the statistical power of our meta-analysis;(4) No significant publication bias was detected, demonstrating that our overall results are reliable.

Conclusion {#s0025}
==========

The present meta-analysis suggested that IL-18 − 137 G/C polymorphism in promoter region was associated with chronic hepatitis C virus infections, but no evidence indicates an association between − 607C/A polymorphism and chronic hepatitis C virus infections. High-quality studies with larger sample size and larger number are warranted.

Appendix A. Supplementary data {#s0075}
==============================

The following are the Supplementary related to this article.Checklist S1PRISMA checklist.S. Table1Original Data.

Supplementary data to this article can be found online at [http://dx.doi.org/10.1016/j.mgene.2015.04.004](10.1016/j.mgene.2015.04.004){#ir0010}.
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![Forest plots of the association between IL-18 − 607C/A polymorphisms and chronic hepatitis C virus infections in an additive contrast model (A versus C). OR = 1.029, 95% CI \[0.915, 1.158\] chi-squared = 4.06 (d.f. = 3) p = 0.255, I-squared = 26.0%, z = 0.48, p = 0.634.](gr2){#f0010}

![Forest plots of the association between IL-18 − 607C/A polymorphisms and chronic hepatitis C virus infections in heterozygote contrast model (AC versus CC). OR = 1.029, 95% CI \[0.854, 1.241\], chi-squared = 2.33 (d.f. = 3), p = 0.506, I-squared = 0.0%, z = 0.30, p = 0.764.](gr3){#f0015}

![Forest plots of the association between IL-18 − 137G/C polymorphisms and chronic hepatitis C virus infections in dominant contrast model (CG + CC versus GG). OR = 2.157, 95% CI \[1.822, 2.553\], chi-squared = 1.39 (d.f. = 2) p = 0.499, I-squared = 0.0%, z = 8.93, p = 0.000.](gr4){#f0020}

![Forest plots of the association between IL-18 − 137G/C polymorphism and chronic hepatitis C virus infections in recessive contrast model (CC versus CG + GG). OR = 2.007, 95% CI \[1.441, 2.797\], chi-squared = 0.57 (d.f. = 2) p = 0.751, I-squared = 0.0% z = 4.12, p = 0.000.](gr5){#f0025}
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###### 

Characteristics of studies included in the meta-analysis.

  ------------------------------------------------------------------------------------------------------------------------
  Author                          Year   Region     Total   Case\   Case\   Case\   Total   Con\   Con\   Con\   H-W (P)
                                                            GG      GC      CC              GG     GC     CC     
  ------------------------------- ------ ---------- ------- ------- ------- ------- ------- ------ ------ ------ ---------
  *IL-18 − 607C/A polymorphism*                                                                                  

  Muhammad Imran et al.           2014   Pakistan   260     87      113     60      120     32     53     35     0.203

  N. Bouzgarrou et al.            2008   Tunisian   82      21      44      17      81      24     38     19     0.601

  Stephan L et al.                2009   Germany    757     276     347     134     791     300    369    122    0.628

  Mohamed Mandour et al.          2014   Egypt      123     20      63      40      123     26     58     39     0.608

                                                                                                                 

  *IL-18 − 137G/C polymorphism*                                                                                  

  Muhammad Imran et al.           2014   Pakistan   120     43      61      16      115     48     57     10     0.226

  N. Bouzgarrou et al.            2008   Tunisian   82      35      35      12      81      38     31     12     0.187

  Stephan L et al.                2009   Germany    757     386     315     56      791     439    299    53     0.829
  ------------------------------------------------------------------------------------------------------------------------

###### 

Main results on association between interleukin-18 gene promoter (− 607C/A and − 137G/C) polymorphisms and chronic hepatitis C virus infections.

  Contrast                        OR, 95% CI                Heterogeneity                                                 Z and P
  ------------------------------- ------------------------- ------------------------------------------------------------- ---------------------
  *IL-18 − 607C/A polymorphism*                                                                                           
  AA versus CC                    1.073, \[0.846, 1.360\]   Chi-squared = 4.07 (d.f. = 3), p = 0.254, I-squared = 26.2%   z = 0.58, p = 0.563
  AC versus CC                    1.029, \[0.854, 1.241\]   Chi-squared = 2.33 (d.f. = 3), p = 0.506, I-squared = 0.0%    z = 0.30, p = 0.764
  AA + AC versus CC               1.039, \[0.872, 1.237\]   Chi-squared = 3.21 (d.f. = 3), p = 0.361, I-squared = 6.5%    z = 0.42, p = 0.672
  AA versus AC + CC               1.036, \[0.843, 1.274\]   Chi-squared = 3.16 (d.f. = 3), p = 0.368, I-squared = 5.0%    z = 0.34, p = 0.736
  A versus C                      1.029, \[0.915, 1.158\]   Chi-squared = 4.06 (d.f. = 3), p = 0.255, I-squared = 26.0%   z = 0.48, p = 0.634
                                                                                                                          
  *IL-18 − 137G/C polymorphism*                                                                                           
  CC versus GG                    1.257, \[0.896,1.763\]    Chi-squared = 0.74 (d.f. = 2), p = 0.690, I-squared = 0.0%    z = 1.32, p = 0.186
  CG versus GG                    1.200, \[0.995,1.447\]    Chi-squared = 0.00 (d.f. = 2), p = 0.998, I-squared = 0.0%    z = 1.91, p = 0.057
  CG + CC versus GG               2.157, \[1.822,2.553\]    Chi-squared = 1.39 (d.f. = 2), p = 0.499, I-squared = 0.0%    z = 8.93, p = 0.000
  CC versus CG + GG               2.007, \[1.441,2.797\]    Chi-squared = 0.57 (d.f. = 2) p = 0.751, I-squared = 0.0%     z = 4.12, p = 0.000
  C versus G                      1.152, \[1.002,1.324\]    Chi-squared = 0.27 (d.f. = 2) p = 0.874, I-squared = 0.0%     z = 1.99, p = 0.047
